Introduction
While patients with stable angina have low mortality, 1-3 the risk of myocardial infarction and stroke remains substantial and quality of life is often reduced by symptoms. In managing these patients, physicians face complex choices concerning secondary prevention, drugs to treat angina, and indications for coronary angiography and revascularisation. 4 Because the absolute benefit of any treatment to improve prognosis depends on the risk of disease events, such risks require consideration, especially if treatment has possible complications. Scoring cardiovascular risk was first developed in Framingham. 5 Many studies have followed, mainly for scoring risk in the primary prevention of cardiovascular diseases. 6 No similar risk score is available for patients with angina.
Development of a risk score requires a large comprehensive database on patients followed for several years. A potential source is data from large randomised clinical trials. 7 We used data from the ACTION trial (a coronary disease trial investigating outcome with nifedipine GITS), which followed 7665 patients with stable symptomatic angina for a mean of 4.9 years, 3 to develop a score for predicting the combined risk of death from any cause, myocardial infarction, and stroke.
Methods
In the ACTION trial, eligible patients had stable symptomatic angina requiring treatment and either previous myocardial infarction or proved angiographic coronary artery disease. Patients without a previous myocardial infarction or coronary angiography could participate only if there was a positive result on an exercise or perfusion test. 3 8 Key exclusions were ejection fraction below 40%, clinically significant heart failure, major cardiovascular event or intervention within the past three months, planned coronary angiography or intervention, and known intolerance to dihydropyridines.
Patients were randomly assigned long acting nifedipine GITS or placebo and were seen regularly at outpatient clinics and contacted by telephone thereafter. The mean follow-up until death or the end of the study was 4.9 years.
Individual baseline data available included demographics, medical history, cardiovascular risk factors, current symptoms of angina and functional status, current treatments, past use of calcium channel blockers, results of non-fasting laboratory tests, left ventricular ejection fraction mostly measured by echocardiography, standard 12 lead electrocardiography findings, routine cuff blood pressure, pulse rate, and the results of previous angiography if available (baseline angiography was not mandated).
We fitted multivariate Cox proportional hazard models for the outcome time to death, myocardial infarction, or disabling stroke as adjudicated by the critical events committee, 3 8 using patients who had no missing values for the predictor variables.
Examples of applying the risk score can be found on bmj.com
We represented binary or categorical variables by indicator variables coded 0 or 1. Quantitative variables were investigated for non-linearity, and cut off values were determined when appropriate. For instance, for age, 60 years was the cut off value whereby any age < 60 contributed the same risk. Always entering age, sex, and previous myocardial infarction, we added other variables to the final model using P < 0.01 as inclusion criterion. We ignored nifedipine as it had no effect on this combined end point (hazard ratio 1.01, 95% confidence interval 0.90 to 1.14). 3 We expressed each variable's strength of predictive contribution by its z score (the model coefficient divided by its standard error) and quantified each variable's predictive power as a hazard ratio with 95% confidence interval. To assess the predictive power separately for each of death from any cause, myocardial infarction, and disabling stroke, we refitted the final model using the same covariates for each of the three outcomes concerned.
For each patient, we calculated a risk score by multiplying each coefficient in the final model by 10, then by the patient's variable value, and then summed up the results. From the distribution of the risk scores, we formed equal sized tenths of increasing risk. Model calibration was evaluated by comparing actual and predicted outcomes in each tenth of risk, the actual outcome being the five year Kaplan-Meier probability estimate and the expected probability being calculated from the final model. The internal validity of the final model was assessed by the bootstrap resampling technique. 9 For each of 100 bootstrap samples the model was refitted and tested on the original sample to obtain an estimate of predictive accuracy corrected for bias. This revealed no overoptimism in the final model's predictive discrimination. We calculated the rate of coronary intervention including coronary angiography, percutaneous coronary intervention, or bypass surgery in the tenths of the risk score to study the relation between the predicted risk of major cardiovascular events and the use of coronary interventions. Table 1 shows the 16 variables, with their z scores and Cox regression coefficients, that were in the final model as derived for 7311 patients (95%) with complete information. In all 1063 patients died or sustained myocardial infarction or disabling stroke. Table 1 also shows how we derived the risk score (see bmj.com for examples). Table 2 presents the corresponding hazard ratios for the composite of death, myocardial infarction, and stroke. Age was the strongest predictor (hazard ratio 1.73 for each decade of age > 60). Male sex (hazard ratio 1.17) was of borderline significance (P = 0.06) but was retained for completeness. Diabetes and stroke were the strongest predictors from clinical history. Patients with known three or more vessel disease had raised risk. The final model also includes several standard risk factors, such as current smoking, and the laboratory results for white blood cell count, creatinine, and glucose. The latter contributed most to prediction in those without diabetes and was not predictive in those with diabetes treated with insulin. Other predictors included were left ventricular ejection fraction, a prolonged QT interval, use of lipid lowering drugs, and the number of drugs used for angina (including past use of calcium blockers). Table 2 also presents hazard ratios for the individual events of death, myocardial infarction, and disabling stroke with the same variables as for the combined end point. Patterns of risk factors were broadly similar, though risk of stroke was more strongly linked to raised blood pressure but unrelated to white cell count, angiographic data, previous myocardial infarction, and sex. Figure 1 shows the distribution of the risk score (multiplied by ten) based on the coefficients and definitions given in table 1, and also its association with the probability of death, myocardial infarction, and disabling stroke within five years. Figure 2 shows good agreement between the observed and expected proportions of patients having this composite event within five years. Among patients with risk scores in the top and bottom tenths, the probability of an event was 35% and 4%, respectively. The Kaplan-Meier plots for each tenth showed that event rates were essentially constant over six years' follow-up. Table 3 shows the number of patients who sustained the composite of death, myocardial infarction, and disabling stroke by tenth of risk with the corresponding event rates. First events comprised 417 (39%) deaths, 490 (46%) myocardial infarctions, and 156 (15%) disabling strokes, and the distribution of first event did not vary substantially by tenth of risk. Table 3 also shows the distribution by tenth of risk of the 2147 patients (29%) who had a coronary angiogram or coronary revascularisation procedure during follow-up. There was no relation between these intervention rates and the risk of death, myocardial infarction, and stroke.
Results

Discussion
Our study confirms that most patients with stable symptomatic coronary disease have a relatively good prognosis. 1 2 Our main finding is the large variation in risk of death, myocardial infarction, and disabling stroke between patients that can be determined from an easily calculated risk score using standard clinical information. Others have previously studied predictors of clinical outcome in patients with stable angina 10 but on fewer patients followed for a shorter period.
That patients in the top 10% of risk had ten times the risk of patients in the bottom 10% of risk is clinically relevant. Coronary revascularisation prolongs survival only in high risk patients. 4 Hence, risk stratification using our score helps to identify patients with stable angina for whom elective revascularisation might improve prognosis. Risk stratification aids decisions on secondary preventive medical management, especially when limited resources exist for coronary angiography and revascularisation. Patients at high risk of serious clinical events can be given priority so as to avoid such events while they are waiting for an invasive procedure.
We found no relation between the use of procedures related to treatment of angina and risk of death, myocardial infarction, and stroke, which suggests that events related to plaque rupture (cardiovascular death, myocardial infarction) have a different pathology and different risk factors from worsening angina caused by progression of coronary artery disease. This implies that our risk score contains no information regarding whether a patient will need a coronary angiogram or revascularisation procedure because of worsening angina. Hence, risk stratification has no bearing on prescribing drug treatment for angina to avoid the need for coronary revascularisation.
We deliberately focused prediction on important life events: death, unequivocal myocardial infarction, and stroke that is disabling. Contrary to current recommendations, 11 our definition of myocardial infarction did not include patients with chest pain and raised troponin concentrations. The definition of stroke excluded events without lasting disability. 3 We included 206 noncardiovascular deaths (19% of all deaths), which may reduce the predictive power of risk factors particularly related to cardiovascular outcomes, but none the less makes the model more useful for clinical application.
Many of the risk factors we identified are not surprising. Age, ejection fraction, smoking, and diabetes are all known predictors from other studies. Statins have been shown to reduce mortality, myocardial infarction, and stroke in several settings. 12 The link between white blood cell count and coronary disease risk is established. 13 Other markers of inflammation such as C reactive protein were not measured. Raised serum creatinine concentration is linked to adverse cardiovascular outcome in several populations, including people with hypertension, 14 myocardial infarction, 15 and acute coronary syndrome. 16 The extent of angiographic coronary disease is a well established risk factor. 4 That patients who never had coronary angiography had a slightly higher risk than patients who had known zero to two vessel disease seems surprising: one likely explanation is that the former includes some patients with extensive, albeit undocumented, coronary disease. One could confine the analysis to patients with angiographic information, but this would limit the clinical relevance as many patients with angina never have coronary angiography.
The possibility exists that design issues in the ACTION trial could influence our prognostic models. For instance, patients on a calcium channel blocker could not participate in the trial, though 22% of patients had used a calcium channel blocker in the past. Past use of a calcium channel blocker was a significant predictor in the present analysis and we have retained such past use in the model by incorporating it in the number of drugs used for angina. The present risk score is limited to patients with preserved left ventricular function who did not have any condition, other than coronary artery disease, that limits life expectancy.
Our risk score may also be useful in planning future clinical trials in similar patients by, for instance, enabling them to exclude low risk patients.
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What is already known on this topic
Many factors are known to affect the risk of death, myocardial infarction, or stroke in patients with stable symptomatic coronary disease (angina pectoris)
There is no method available to assess a patient's overall risk based on routine clinical information
What this study adds
A new score uses 16 clinical variables to quantify the combined risk of death from any cause, myocardial infarction, and disabling stroke
Patients with risk scores in the highest tenth have 10 times the risk of patients with scores in the lowest tenth
The use of invasive procedures such as coronary angiography or revascularisation undertaken to relieve symptoms of angina was not related to the composite risk
